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Abstract 
Fire safety has become an important part in structural design due to the ever increasing loss 
of properties and lives during fires. Fire rating of load bearing wall systems made of Light 
gauge Steel Frames (LSF) is determined using fire tests based on the standard time-
temperature curve given in ISO 834. However, modern residential buildings make use of 
thermoplastic materials, which mean considerably high fuel loads. Hence a detailed fire 
research study into the performance of load bearing LSF walls was undertaken using a series 
of realistic design fire curves developed based on Eurocode parametric curves and Barnett’s 
BFD curves. It included both full scale fire tests and numerical studies of LSF walls without 
any insulation, and the recently developed externally insulated composite panels. This paper 
presents the details of fire tests first, and then the numerical models of tested LSF wall studs. 
It shows that suitable finite element models can be developed to predict the fire rating of load 
bearing walls under real fire conditions. The paper also describes the structural and fire 
performances of externally insulated LSF walls in comparison to the non-insulated walls 
under real fires, and highlights the effects of standard and real fire curves on fire performance 
of LSF walls. 
  
1. INTRODUCTION 
Light gauge Steel Frame (LSF) wall systems are extensively used in residential and 
commercial buildings due to a number of advantages they provide over other materials. When 
used in buildings as structural elements LSF wall systems should satisfy the fire resistance 
requirements since fire is considered as one of the severe disasters buildings could be 
subjected in their life span. Although LSF walls have been used widely, their behaviour in fire 
is not fully understood. Also the building industry is increasingly concerned about the Fire 
Resistance Rating (FRR) given by the wall lining manufacturers as it may not truly represent 
that in a real building fire for safe evacuation and rescue purposes. This concern arises since 
the LSF walls have only been tested for the fire performance based on the ISO standard time-
temperature curve (ISO 834, 1999). Full scale fire testing based on the standard time-
temperature curve originated from the application of wood burning furnaces. Hence it is 
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questionable whether it truly represents the fuel loads in modern buildings. In reality, modern 
residential buildings incorporate both wooden items and thermoplastic materials, including 
synthetic foams and fabrics. Hence a research project is currently underway to investigate the 
structural and thermal behaviour of load bearing LSF wall panels under realistic fire 
conditions. This paper presents the details of full scale fire tests of six LSF wall panels and 
the results. It also presents the numerical studies conducted for the tested wall panels. The 
paper also describes the structural and fire performances of externally insulated LSF wall 
panels in comparison to the non-insulated wall panels under real fire conditions and highlights 
the effects of standard and real fire curves on fire performance of LSF walls.  
2. LSF WALL CONFIGURATIONS AND FIRE CURVES USED IN TESTS 
Test program consisted of full scale fire tests of six LSF wall panels of 2.4 m width and 2.4 
m height (LSF1 to LSF6). Test specimens LSF1 and LSF2 were lined with single layer of 16 
mm gypsum plasterboard on either side of the wall frames. Test specimens LSF3 and LSF4 
were lined with two layers of 16 mm gypsum plasterboards on either side while test 
specimens LSF5 and LSF6 were externally insulated with 25 mm thick rock fibre insulation, 
sandwiched between two 16 mm gypsum plasterboards. Table 1 gives the details of the load 
bearing LSF wall test specimens investigated under realistic fire conditions. 
 
Table 1: Test wall configurations and fire curves 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Realistic design fire time-temperature curves 
Test Configuration Fire Curve Load Ratio Insulation Type 
LSF1 Single layer of plasterboard 
 
EU1-LSF1 0.2 (15 kN/Stud) - 
LSF2 BFD1-LSF2 0.2 (15 kN/Stud) - 
LSF3 Double layers of plasterboard 
 
EU2-LSF3 0.2 (15 kN/Stud) - 
LSF4 BFD2-LSF4 0.2 (15 kN/Stud) - 
LSF5 Externally insulated panel 
 
BFD3- LSF5 0.4 (30 kN/Stud) Rock fibre 
LSF6 EU3-LSF6 0.4 (30 kN/Stud) Rock fibre 
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In this study two time-temperature curves were chosen to represent realistic design fires, 
Eurocode parametric curve (ECS, 2002) and Barnett’s ‘BFD’ curve (Barnett, 2002). Eurocode 
parametric curve is linear and very fast, leading to a short decay period, whereas ‘BFD’ curve 
is a natural fire curve and agrees well with the actual fire curves. In each case, the real fire 
time-temperature curves (Figure 1) were developed to represent a rapid fire (EU1 and BFD1) 
and a prolonged fire (EU2 and BFD2, EU3 and BFD3). For this purpose, appropriate 
compartment characteristics were utilized in the calculations  
3. FIRE TESTS 
3.1 Test set-up and procedure 
LSF wall panels consisted of four cold-formed steel lipped channel sections 
(90x40x15x1.15 mm) and tracks (top and bottom) made of unlipped channel sections 
(92x50x1.15 mm). Both studs and tracks were fabricated from 1.15 mm galvanized steel 
sheets having a minimum yield strength of 500 MPa (G500 steels). The studs were spaced at 
600 mm spacings and screwed to both flanges of the top and bottom tracks. As shown in 
Figure 2 the studs were inserted inside the tracks and the stud flanges were screwed to the 
track flanges. The 16 mm gypsum plasterboards were then lined on both sides of the frame by 
screw-fixing them to the stud flanges. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: LSF wall frame 
 
Fire tests of LSF walls were conducted using a propane gas-fired furnace. The test 
specimen was placed in the loading frame, where the bottom track rested on loading plates 
and the top track was clamped to the loading frame. It was placed to align the centroids of the 
studs with those of the loading plates and hydraulic ramps. An axial compression load was 
applied to each of the four wall studs by four individual ramps and transmitted to the studs 
through the loading plates. Each loading plate was connected to a hydraulic ramp, and a single 
pump was used to apply the required axial compression load. An axial compressive load of 15 
kN was applied to test specimens LSF1 to LSF4. This load was based on 0.2 times the 
ultimate capacity of a single stud at ambient temperature. An axial compression load of 30 kN 
(load ratio=0.4) was applied to test specimens LSF5 and LSF6. Type-K thermocouple wires 
were used to measure the temperatures in the wall specimens. The stud and plasterboard 
surface temperatures were measured at three different heights: 600, 1200 and 1800 mm along 
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the stud. The thermocouple wires on the studs were connected to their hot and cold flanges 
and web. The axial deformations and lateral deflections at 600, 1200 and 1800 mm heights 
were measured using Displacement Transducers (DT).  
3.2 Test observations and results 
The realistic design fire curves shown in Figure 1 were achieved reasonably well in all the 
fire tests. In all the fire tests the structural failure of studs initiated the failure instead of 
insulation or integrity failure, except Test specimen LSF3 that did not fail. Test specimens 
LSF1 and LSF2 were identical in wall configurations and were exposed to Eurocode 
parametric curve (EU1) and “BFD’ curve (BFD1), respectively. Test specimen LSF1 
structurally failed after 28 minutes of fire exposure, and a visual inspection after the fire test 
showed that the fire exposed plasterboard strip over Stud 1 had fallen off. Due to the 
plasterboard fall-off, Stud 1 lost its lateral support and failed by minor axis flexural buckling. 
Local buckling waves were also noticeable in the hot flange of Stud 2. Test specimen LSF2 
failed after 39 minutes of fire exposure. Similar to Test Specimen LSF1, the plasterboard strip 
attached to Stud 1 had fallen-off and resulted in minor axis flexural buckling.  
The double plasterboard lined test specimen LSF3 was exposed to Eurocode parametric 
fire curve EU2 for a period of 180 minutes and did not fail under any failure criteria. Hence 
furnace was turned off after 180 minutes since the fire time-temperature curve was in the 
decay phase and the stud temperatures were decreasing. Test specimen LSF4 was exposed to 
Barnett’s ‘BFD’ (2002) curve (BFD2) and structurally failed after 139 minutes, longer than 
the corresponding standard fire test failure time of 111 minutes. Test specimens LSF5 and 
LSF6 were externally insulated with rock fibre insulation and exposed to Barnett’s ‘BFD’ 
curve (BFD3) and Eurocode parametric curve (EU3), respectively. Test specimen LSF5 failed 
after 118 minutes of fire exposure while Test specimen LSF6 failed after 120 minutes, both of 
these failures occurred earlier than the corresponding standard fire test failure time (134 
minutes). Table 2 summarizes the failure times for the six LSF wall panels tested under 
realistic design fires. It also includes the standard fire test results from Kolarkar (2010) and 
Gunalan (2011). The measured stud hot flange temperatures at failure in each test are also 
presented in Table 2. 
 
Table 2: Failure times and stud maximum hot flange (HF) temperatures 
LSF Configuration Fire Profile Failure Time  Failure Stud HF Max Temp (oC) 
Single layer of 
Plasterboard           
(LR=0.2) 
LSF1 EU1-LSF1  28 mins 567 
LSF2 BFD1-LSF2 39 mins 630 
Kolarkar (2010) ISO Curve 53 mins 685 
Double layers of 
Plasterboard           
(LR=0.2) 
LSF3* EU2-LSF3 - 497 
LSF4 BFD2-LSF4 139 mins 645 
Kolarkar (2010) ISO Curve 111 mins 663 
Composite 
panel - External 
insulation 
(LR=0.4) 
LSF5 BFD3-LSF5 118 mins 452 
LSF6 EU3-LSF6 120 mins 571 
Gunalan (2011) ISO Curve 134 mins 556 
Note: * No Failure; LR – Load Ratio; HF – Hot Flange 
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In the first two fire tests of LSF1 and LSF2s, the failure occurred in the stud that had the 
150 mm wide plasterboard strip joint, and partial collapse of this plasterboard initiated the 
failure. Kolarkar’s (2010) standard fire test also showed the same failure mode. The stud 
failure hot flange temperatures of LSF1 (567oC) under the Eurocode parametric fire curve 
differs from those for the ‘BFD’ (630oC) and standard fire curves (685oC) (see Table 2). This 
is possibly due to the plasterboard fall-off at different temperatures resulting in rapid 
temperature rise in the studs and causing them to fail earlier than the standard fire test. In the 
LSF1 fire test the furnace temperature was much higher than the standard fire and ‘BFD’ 
curves. This higher heat flow could have caused the plasterboard to partially collapse at a 
lower temperature. This is because the plasterboard calcinates and shrinks rapidly at high 
temperature and rapid temperature rise conditions. 
Test specimen LSF3 did not fail while Test specimen LSF4 failed after 139 mins when the 
stud hot flange temperatures reached 645oC, which is similar to Kolarkar’s (2010) standard 
fire test stud temperature of 663oC. Kolarkar’s (2010) standard fire test specimen failed by 
flexural buckling about the minor axis due to plasterboard fall-off whereas Test specimen 
LSF4 failed by major axis flexural buckling. In test LSF3 the furnace temperature was seen to 
follow the standard fire in the fire growth period until 105 minutes and then the temperatures 
decreased rapidly in the decay phase. The stud hot flange temperature only reached 497oC 
after 141 minutes during the decay phase. As seen in Figure 3(a), it was gradually increasing 
for 35 minutes even during the decay phase. This implies that the stud could fail during the 
decay period if they reached the critical hot flange temperature. Also the failure time of 111 
minutes in the standard fire test (Table 2) indicates that the realistic design fire EU2-LSF3 
with the decay phase was less severe than the standard fire curve (ISO 834, 1999).  
Test specimens LSF3, LSF4 and ISO            (b) Test specimens LSF5, LSF6, ISO 
 
Figure 3: Average furnace and stud hot flange temperatures from fire tests  
 
In Test specimen LSF5 rapid temperature rise was noticed in stud hot flange temperatures 
due to the plasterboard fall-off near the failure (see Figure 3(b)) and it failed by minor axis 
flexural buckling. At failure stud hot flange temperature in LSF5 was only 452oC, and in 
LSF6 and standard fire tests it was 571 and 556oC, respectively. Thus it indicates that the loss 
of lateral restraints and the exposure to higher furnace temperatures caused the stud to fail 
much earlier at lower stud temperatures. In summary, no significant differences were 
observed between the Eurocode parametric and ‘BFD’ fire curve tests LSF wall panels. In the 
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initial stages of the fire, studs simply followed the shape of the fire profile and after 
calcination of gypsum plasterboard, the stud temperatures were seen to increase rapidly and 
led to the failure of LSF wall stud. The presence of gypsum plasterboard significantly 
influenced the failure time of single layer gypsum plasterboard lined walls, as the fall-off will 
expose the studs to higher furnace temperatures. Also the LSF wall panels were seen to fail in 
the fire tests when the studs reached the critical temperatures depending on the lateral 
restraints, and not in the rate of stud temperature rise.  
4. finite element modelling  
4.1 Model description 
Finite element analysis was conducted using ABAQUS Version 6.9-1. Finite element 
analysis of LSF wall studs under axial compression and fire loads can be performed under 
two conditions: transient and steady state conditions. For transient state conditions, an axial 
compression load was applied to the stud first and then the stud temperature was increased 
each minute until failure whereas in the steady state conditions, the stud temperature was 
raised first and then the axial compression load was increased until failure. The transient state 
condition simulates the experimental conditions closely. Hence it was used for validation. 
Past research has successfully used an individual wall stud in their finite element models to 
simulate the experimental conditions of studs with appropriate loading and boundary 
conditions. Hence in this study also only the LSF wall stud that failed during the fire test was 
used. The full length of the stud (2400 mm) was modelled in this numerical study. The model 
included rigid end plates connected to the nodes at each end. Shell element type S4R in 
ABAQUS with a mesh size of 4mm x 4mm was used to model the stud and rigid body R3D4 
elements for the rigid end plates. The measured ambient temperature yield strength of 612 
MPa and modulus of elasticity of 210,260 MPa were used with strain hardening behaviour for 
the stud. The elevated temperature yield strength and modulus elasticity values were 
calculated based on the reduction factors proposed by Dolamune Kankanmge and Mahendran 
(2011) for 1.15 mm thick G500 steel. The Poisson’s ratio was assumed to be 0.3 and the 
thermal expansion coefficient was obtained from Eurocode 3 Part 1.2 (ECS, 2005).  
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Finite element model of LSF wall stud 
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Pin support conditions were used as in the case of experiments. The ends of the studs were 
restrained about the two major axes (y and z) while twisting was restrained about the x-axis 
(see Figure 4). Also the axial displacement was restrained along x-axis at one end. The lateral 
restraints were considered along the stud at 300 mm spacings on both hot and cold flanges. 
The non-uniform time-temperature distributions of LSF wall studs obtained from the 
experimental study were used here. Average measured temperature values of the stud’s hot 
and cold flanges were input to the model and a linear variation was assumed for the web 
element. These cross-sectional temperatures were also assumed to be constant for the entire 
length of the stud and the stud lip temperatures were kept the same as the flange temperatures. 
An initial geometric imperfection of 0.006b (b = plate width) as recommended by Schafer and 
Pekoz (1996) was used in the nonlinear analysis and the effect of residual stress was neglected 
at elevated temperatures. Finite element analysis was performed in two steps. The first step 
was a bifurcation buckling analysis of LSF wall stud, in which its buckling modes were 
obtained, and the lowest buckling mode with an initial geometric imperfection was then used 
as input to the nonlinear analysis. 
4.2 Transient state modelling – Results and discussions 
Transient state analysis was performed in two steps. In the first step, the applied axial 
compressive load was increased to the target level and then the stud was allowed to follow the 
stud time-temperature curve. In both steps Riks ‘OFF’ method was used. The accuracy of the 
developed finite element model of LSF wall stud subjected to realistic fires was validated 
using the stud failure time, axial deformation and lateral deflection curves and mode of failure 
from fire tests. Table 3 summarizes the failure times and stud hot flange temperatures at 
failure as obtained from both fire tests and FEA.  
 
Table 3: Failure times and critical stud hot flange (HF) temperatures from fire tests and FEA 
Note: * No Failure; # Maximum stud hot flange temperature 
 
The results confirm that the failure times predicted by FEA agree well with the fire test 
failure times. In FEA the average temperature values measured along the stud at every quarter 
height were used. Hence any difference in FEA and test results could be due to the average 
temperature values used and the approximation in the idealised stud temperature distributions. 
Figures 5(a) and 5(b) show the axial deformation and mid-height lateral deflections for 
specimens LSF3 and LSF5 as obtained from fire tests and FEA. Test specimen LSF3 
sustained the applied load for 180 minutes of fire duration and did not fail. The axial 
LSF Wall Configuration Experiment FEA Failure Time  Stud HF (oC) Failure Time  Stud HF (oC) 
Single layer of 
Plasterboard           
(LR=0.2) 
LSF1 28 mins 567 27 mins 561 
LSF2 39 mins 630 38 mins 613 
Double layers of 
Plasterboard           
(LR=0.2) 
LSF3* - 497# - - 
LSF4 139 mins 645 136 mins 607 
Composite panel - 
External insulation 
(LR=0.4) 
LSF5 118 mins 452 120 mins 528 
LSF6 120 mins 571 117 mins 529 
Page  8 
-25
-20
-15
-10
-5
0
5
10
15
0 20 40 60 80 100 120 140 160 180 200
L
at
er
al
 D
isp
la
ce
m
en
t  
(m
m
)
Time (mins)
Axial - Exp Lateral - Exp Axial - FEA Lateral - FEA
-45
-40
-35
-30
-25
-20
-15
-10
-5
0
5
10
0 20 40 60 80 100 120 140
L
at
er
al
 D
isp
la
ce
m
en
t  
(m
m
)
Time (mins)
Axial - Exp Lateral - Exp Axial - FEA Lateral - FEA
At mid-height 
Stud - 2 
deformation and lateral deflection curves also confirm that the studs did not fail during the 
fire test and it regained its strength in the fire decay phase (see Figure 5(a)). These 
deformation curves with time also agreed reasonably well with the fire test results. In fire test 
LSF5, the mid-height lateral deflection near the failure reversed its direction and moved away 
from the furnace whereas in FEA it continued to increase towards the furnace (see Figure 
5(b)). This is due to the omission of eccentric loading in FEA. Initially, the stud will bend 
towards the furnace due to thermal bowing effects, and the neutral axis shift due to loss of 
stiffness will initiate the reversal of its movement. Also in fire test the eccentric loading 
caused by thermal bowing might have caused the reversal of the lateral deflection, but in FEA 
it was neglected. The failure mode of Test specimen LSF4 and FEA showed the occurrence of 
local buckling in the stud at failure. In FEA local buckling can be seen along the stud whereas 
in the test it was observed only at mid-height (see Figure 6). 
 
(a) Test specimen LSF3                                (b) Test specimen – LSF5 
Figure 5: Stud axial deformation and mid-height lateral deflection – Fire test and FEA 
 
 
 
Figure 6: Failure mode of Test specimen LSF4 from FEA transient state and fire test 
4.3 Steady state modelling – Results and discussions 
Steady state analysis was also performed in two steps. In the first step, studs were raised to 
the experimental stud temperatures at different time periods using Riks ‘OFF’ method and 
then the applied axial compression load was increased using Riks ‘ON’ method. Similar to the 
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transient state conditions, measured stud tempertures were used at closer time intervals to 
obtain the ultimate failure load of the stud. Figure 7 shows the load ratio versus time graph 
obtained from the steady state finite element analysis and the failure times obtained from fire 
tests. The load ratio was calculated as the ratio between the failure load at elevated 
temperature to that of ambient temperature (20oC). A good agreement can be seen in the 
failure times obtained from steady state analysis and fire test failures (Figure 7). Specimen 
LSF3 load ratio curve was seen reversing after 140 minutes, which indicates that the wall stud 
is regaining its strength as the stud temperature starts to decrease after 140 minutes. Hence in 
the fire test also the wall specimen did not fail.     
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Load ratio versus Time from FEA steady state and fire test 
(a) Test specimens LSF3 and LSF4                   (b) Test specimens LSF5 and LSF6 
Figure 8: Load ratio versus Stud hot flange temperatures from FEA steady state fire test 
 
Figures 8 (a) and (b) show the load ratio versus stud hot flange temperature graphs 
obtained for the double layer plasterboard and external insulated wall panels together with 
Gunalan’s (2011) recommended temperature values. Gunalan (2011) conducted a series of 
FEA for similar stud sections based on the standard fire curve (ISO 834, 1999) and 
recommended the failure stud hot flange temperatures. These temperatures were seen to agree 
well with the realistic fire test stud hot flange failure temperatures, despite the differences in 
the fire curves. For instance, for a load ratio of 0.7, LSF3 and LSF4 hot flange failure 
temperatures were 240 and 260oC, respectively, while Gunalan’s recommended value was 
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227oC. Similarly the externally insulated wall panel failure temperatures also agreed well 
(Figure 8(b)). Hence it is suggested that structurally similar LSF wall panel studs will fail at 
the same hot flange temperature despite the differences in exposed fire profiles.  
5. CONCLUSIONS  
This paper has presented the details of fire tests conducted on load bearing LSF wall panels 
under realistic design fires, and the corresponding finite element analyses. Appropriate finite 
element models were developed and their results were compared with fire test results. Good 
agreements were obtained with the fire test data in relation to failure time, failure mode, axial 
deformation and lateral deflection curves, and thus this paper has demonstrated that suitable 
finite element models can be developed to predict the fire rating of load bearing LSF walls 
under real fire conditions. The results from tests and analyses have been used to describe the 
fire performance of externally insulated LSF walls in comparison to the non-insulated walls 
under real fires, and show the differences due to real fires instead of standard fires. 
Finite element analysis results show that although the wall configurations and exposed fire 
curves were different, stud hot flange failure temperatures agreed well with each other. These 
values also agreed well with Gunalan’s (2011) recommended stud failure temperatures 
obtained from standard fire tests for similar studs. Hence it is suggested that the use of 
different wall configurations is primarily to delay the stud temperature rise and the failure is 
based on its hot flange temperature. Further research is in progress to understand the 
behaviour of LSF wall panels under a range of realistic fire curves.  
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